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■ Abstract. Generalization of an idea may lead to very interesting result. 

' Learning how torsion influences on tidal force reveals similarity between tidal 

' equation for geodesic and the Killing equation of second type. 
, ^ i The relationship between tidal acceleration, curvature and torsion gives an 

, opportunity to measure torsion. 

Si 

' Paper [6] drew my attention. To explain anomalous acceleration of Pioneer 10 

and Pioneer 11 ([4]) Antonio Ranada incorporated the old Einstein's view on nature 
of gravitational field and considered Einstein's idea about variability of speed of 
light. When Einstein started to study the gravitational field he tried to keep the 
CN| ' Minkowski geometry, therefore he assumed that scale of space and time does not 

change. As result he had to accept the idea that speed of light should vary in 
gravitational field. When Grossman introduced Riemann geometry to Einstein, 
Einstein realized that the initial idea was wrong and Riemann geometry solves his 
problem better. Einstein never returned to idea about variable speed of light. 
. Indeed, three values: scale of length and time and speed of light arc correlated in 

' present theory and we cannot change one without changing another. The presence 

Q-i of gravitational field changes this relation. We have two choices. We keep a priory 

^' ' given geometry (here, Minkowski geometry) and we accept that the speed of light 

bJQ. changes from point to point. The Riemann geometry gives us another option. 

' Geometry becomes the result of observation and the measurement tool may change 

• , from point to point. In this case we can keep the speed of light constant. Geometry 

' becomes a background which depends on physical processes. Physical laws become 

background independent. 
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1. Tidal Acceleration 

Observations in Solar system and outside are very important. They give us an 
opportunity to see where general relativity is right and to find out its limitation. It 
is very important to be very careful with such observations. NASA provided very 
interesting observation of Pioneer 10 and Pioneer 11 and managed complicated 
calculation of their accelerations. However, one interesting question arises: what 
kind of acceleration did we measure? 

Pioneer 10 and Pioneer 11 performed free movement in solar system. Therefore 
they move along their trajectory without acceleration. However, it is well known 
that two bodies moving along close geodesies have relative acceleration that we call 
tidal acceleration. Tidal acceleration in general relativity has form 

(i.i) ^ = i^ fefa VV 
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where v l is the speed of body 1 and 5x k is the deviation of geodesic of body 2 from 
geodesic of body 1. We see from this expression that tidal acceleration depends on 
movement of body 1 and how the trajectory of body 2 deviates from the trajectory 
of body 1. But this means that even for two bodies that are at the same distance 
from a central body we can measure different acceleration relative an observer. 

Section 2 is dedicated to the problem what kind of changes the tidal force expe- 
riences on metric affine manifolds. 

Finally the question arises. Can we use equation (2.5) to measure torsion? We 
get tidal acceleration from direct measurement. There is a method to measure 
curvature (see for instance [3]). However, even if we know the acceleration and 
curvature we still have differential equation to find torsion. However, this way may 
give direct answer to the question of whether torsion exists or not. 

Deviation from tidal acceleration (1.1) predicted by general relativity may have 
different reason. However we can find answer by combining different type of mea- 
surement. 

2. Tidal Equation 

I consider generalized connection [7]-(10.1). We assume that considered bodyes 
perform not geodesic but arbitrary movement. 

We assume that both observers start their travel from the same point 1 and their 
speed satisfy to differential equations 

(2T) M = 4 

dsi 

where / = 1, 2 is the number of the observer and dsj is infinitesimal arc on geodesic 
/. Observer / follows the geodesic of connection [7]-(10.1) when a/ = 0. We assume 
also that ds± = ds2 = ds. 

Deviation of trajectories (2.1) 8x k is vector connecting observers. The lines 
are infinitcsimally close in the neighborhood of the start point 

x 2 (s 2 ) = x\(si) + 5x z (si) 

4(«2) = v\( Sl ) + Sv l { Sl ) 
Derivative of vector 5x l has form 

d8x l d(x\ — x\) i 



ds ds 21 

Speed of deviation Sx l is covariant derivative 

D5x i d5x l — . k i 

(2.2) ds ds kl 1 

= Sv i +fi l Sx k v[ 

From (2.2) it follows that 

(2.3) Sv i =^--Ti l Sx k v{ 



5v l 



4 follow [3], page 33 
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Finally we are ready to estimate second covariant of vector 5x l 

T^Sx 1 _ dgsl — DSx k , 
ds* - ds +L ki dg «i 



d{5v i + r kl Sx k v[) ^-DSx k 
ds kl ds 



dSv i dTl, ,, , -^-dSx k , — . k dv[ -^-DSx k , 



ds ' ds 1 ' u ds 1 M ds M ds 

{2A) ds 2 ~ ds +L ^ dX V l +l kl^ ds +L kl dg «1 

Theorem 2.1. Xida/ acceleration of connection /7/-(10.1) has form 
(2.5) ^=^^^+(^ + ^,<.>)faVt4 

Proof. The trajectory of observer 1 satisfies equation 



(2.7) = "*> " r «"M 

The same time the trajectory of observer 2 satisfies equation 
Dvi, dvi — — , , i, , 

= d{Vl ds SVl) + ^ + SX)(V " + 5vk) ^ + 5vl) 
dv\ dSv 1 f -^j- 
ds ds 



+ — + (II, + T l kl m 5x m )(v k v[ + 8v k v[ + v k Sv l + 5v k 5v l ) 



We can rewrite this equation up to order 1 

nii^ nnn^ 

"it + -ls~ + FklVA + + ^ + T km^ m vH = 4 

Using (2.6) we get 

dSv 1 — 



a 



i + ^7 + ni^i + WSv 1 + Tl ltm 8x m vlv[ 



dSv i — „ 



(2-8) = -T kl 5v«v[ - T\ k 5v«v[ - n im 8x m vWi + 4 
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We substitute (2.3), (2.7), and (2.8) into (2.4) 
LPSx 1 =- , , —r-,D6x n 



nMv' - V\ n {-— - T" mk 6x m v k M - r k , m dx m v k lV [ 



ds 2 _ju ij inv ds 



.fc„.i 



-DSx r ' 



+ T) nn 8x m {a n 1 -Yl l v k v[)+r i nl 



ds 



( r mfc,i ~~ r fci,m + r L r mA; ~ ^mn^kl )^X m V 1 V x 



ds 

—DSx n , —DSx 



LPSx 1 



ds 2 



(^mk,l ^kmj + ^km,l ^ 



kl, 



I pz pn pz pn _j_ pi pn pi pn _j_ pz pn 

in mfe ?i/ mk nl mk nl km nl km 



1 mn L kl ^ L nm L kl L nm L kl) uu ' u l u l 

i lr 



ds 2 ln ds 



(2.9) 



ni mfe.2 nl km ^ ' 1 nZ tai 



^■71^, r^r^ )fa m f i 



Terms underscored with symbol 1 are curvature and terms underscored with symbol 
2 are covariant derivative of torsion. (2.5) follows from (2.9). □ 

Remark 2.2. The body 2 may be remote from body 1. In this case we can use 
procedure (like in [4]) based on parallel transfer. For this purpose we transport 
vector of speed of observer 2 to the start point of observer 1 and then estimate tidal 
acceleration. This procedure works in case of not strong gravitational field. □ 

Remark 2.3. If in central field observer 1 has orbital speed V^, observer 2 moves in 
radial direction and both observers follow geodesic then tidal acceleration has form 

-p- = Rj nk Sx k v n v l 

= (Rl 01 v°v° + R^v^dx 1 

C 2 

□ 
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Remark 2.4. If observer 2 follows geodesic in central field, but observer 1 fixed his 
position at distance r then 

a - 1 klV V ~ 2r2 C 2 
Acceleration follows inverse square law as follows from (2.5). □ 

Remark 2.5. Theorem 2.1 has one specific case. If observer 1 moves along an 
extreme line we can use Cartan connection. In this case a\ = 0. If observer 2 
moves along geodesic then 

(2.io) 4 = -r(c)*,«*«* = -r(c)i,K«* + 2v[s v k ) 

If we substitute (2.3) into (2.10) we get 

DSr k 

4 = -r(cy kl v k v k - 2r(cf kl v{— + 2r(c)^r»[fe* 

In this case (2.5) gets form 



(2.11) ds ds 



In case of initial conditions 

Sx k = 
DSx k 



= 



ds 

(2.11) is estimation of acceleration [7]-(ll.l). □ 
3. Tidal Acceleration and Lie Derivative 

(2.5) reminds expression of Lie derivative [7]-(7.4). To see this similarity we need 
to write equation (2.5) different way. 
By definition 

~Da k da k —r- ,dx p 
= -|- p K d L 

ds ds lp ds 
= a%v P +ff p a l v p 



(3-1) ^ = a*^ 

Because is vector we can easy find second derivative 

^ k = = D( a -< P > vP ) 

(3.2) ds 2 ds ds 

= a k <pr> v p v r + a k <p> v p r v r 

On the last step we used (3.1) when a k = v k . When v p is tangent vector of 
trajectory of observer 1 from (2.1) it follows that 

~Dv i 

(3.3) — - = v l . r v r = a\ 

ds 
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and from (3.2) and (3.3) it follows that 

(3.4) ^ = a k prVPv r + a k <p>a P 

Theorem 3.1. Speed of deviation of two trajectories (2.1) satisfies equation 

(3.5) C^nfJ^v 1 = <4 - a\ + f^Sx m a{ 

Proof. We substitute (3.1) and (3.4) into (2.5). 

Sx; <M> v k v l +Sx^ <p> a{ = TiJx- <k> v k v[ + (R^ + Tl m]<l> )Sx m v k lV [ 

= (2?>r<*> - 6x -<ki> + #L>™ + Zfc m; <j>fo T >i «i 

(3.6) 

+ a\ - a\ - Sx k p a{ 

(3.5) follows from (3.6) and [7]-(7.4). □ 

At a first glance one can tell that the speed of deviation of geodesies is the Killing 
vector of second type. This is an option, however equation 

does not follow from equation 

(3.7) £sjj» r£« k v l = 

However equation (3.7) shows a close relationship between deep symmetry of space- 
time and gravitational field. 
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deviation of trajectories 2 
speed of deviation 2 



6. Special Symbols and Notations 

D j x speed of deviation 2 
5x k deviation of trajectories 2 
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IIpHJIHBHaH CHJia B MeTpHKO-aCp CpHHHOH rpaBHTaijHH 



AjiexcaHflp KjieftH 

AHHOTAL(Ha. 06o6meHHe Hflen mcokct npHBecTH k oaeHb HHTepecHOtiy pe- 
3yjiBTaTy. Hsy^eHHe, KaK KpyneHne BjinaeT Ha npnjiHBHyfO cnjiy ofDHapyjKH- 
BaeT cxoflCTBO MejKfly itphjihbhmm ypaBHeHneM fljia recme3H*recKOH h ypaBHe- 
hhgm KnjiHHra BToporo Tnna. 

CBa3b MejKfly iiphjihbhum yCKOpeHHeM, kphbh3hoh h KpyaeHneM flaeT B03- 

MOJKHOCTb H3MepHTB KpyHGHHG . 

Moe bhhmclhhg npHBjieKjia CTctTbH [6]. x 1to6m o6 r bflCHHTb aHOMajibHoe ycKopeHne 
Pioneer 10 h Pioneer 11 ([4]), Ahtohho Panama npHBjieKaeT CTapyio TOHKy 3peHRH 
BirHHiTeima o npnpofle rpaBHTainiOHHoro nana h Hcnojib3yiOT H#eio BimiHTeiiHa 
o nepeMeHHoii ckopocth CBeTa. Kor^a BiraiHTeiiH Hana.ii H3ynaTb rpaBHTaiiHOHHoe 
none, oh CTapajica coxpaHHTb reoMeTpnio MiiHKOBCKoro h, cjieflOBaTejibHO, npe,n,- 
nojiaraji, hto MacniTa6 npocTpaHCTBa h BpeMeHH He mchhiotch. B pe3yjibTaTe oh 
6biji BMHyjKfleH npHHATb rnnoTe3y, hto CKopocTb CBeTa MoaceT MeHHTbca b rpa- 
BHTan;HOHHOM none. Kor^a TpoccMaH no3HaKOMHJi 3iiHHiTeHHa c pHMaHOBofi reo- 
MeTpneii, 9iiHiHTeHH noHflji, hto HanajibHaH rnnoTe3a 6bma oiHH6oHHa h pnMaHOBa 
reoMeTpna jiyHine peniHT ero sa^any. 9HHHiTeHH HHKor,na He B03Bpam,ajiCH k H^ee 
o nepeMeHHoii ckopocth CBeTa. 

/JeiicTBHTejibHO, Tpn SHaneHHa: MacniTa6 npocTpaHCTBa h BpeMeHH h cxopocTb 

CBeTa flBJIHIOTCH CBH3aHHbIMH B COBpeMeHHOH TeOpHH H MM He MOJKeM H3MeHHTb 

o^uiy BejiHHHHy 6e3 H3MeHemiH flpyroii. IlpHcyTCTBHe rpaBHTaiiHOHHoro nojis Me- 
HaeT 3to cooTHonieHHe. Mm HMeeM ^Ba Bbi6opa. Mm coxpaHaeM hcxo^ho 3a,naH- 
Hyio reoMeTpHio (3,n,ecb, reoMeTpnio MnHKOBCKoro) h mm corjiacHM, hto cxopocTb 
CBeTa MeHaeTCH ot to^kh k TO^xe. PnMaHOBa reoMeTpna npe^jiaraeT HaM flpyroii 

Bbl6op. TeOMeTpHH CTaHOBHTCS pe3yjIbTaT0M H3MepeHHH H H3MepHTejlbHblii HHCTpy- 
MeHT MOJKeT MeHHTbCH OT TOHKH K TO^Ke. B 3TOM CJiy^ae MM MOXeM COXpaHHTb 
CKOpOCTb CBeTa nOCTOHHHOH. TeOMeTpHH CTaHOBHTCa (pOHOM, KOTOpblft 3aBHCHT OT 
(pHSH^eCKHX npOH;eCCOB. <I>H3HHeCKHe 3aKOHM CTaHOBHTCH He3aBHCHMMMH OT (pOHa. 

1. IlPHJTHBHOE YCKOPEHME 

Ha6jnofleHHfl b CojiHenHoii CHCTeMe h BHe oneHb BajKHM. Ohh ^iaiOT HaM bo3- 
MOJKHOCTb BH^eTb, r,n,e o6iiiaH Teopna OTHOCHTejibHOCTH npaBa h HaHTH ee orpa- 

HHieHHa. OneHb BajKHO 6bITb OCTOpOJKHMM C TaKHMH Ha6jIK3fleHHflMH. NASA BM- 

nojiHHjio oneHb HHTepecHbie Ha6jiio,zi,eHHH Pioneer 10 h Pioneer 11 h bmhojihhjio 
cjioJKHbie pacneTM ix ycKopeHHH. OflHaxo, B03HHKaeT o/hih HHTepecHbiii Bonpoc: 
Kaxoro una ycKopeHHH mm Mepajin? 

Pioneer 10 h Pioneer 11 coBepniaiOT CBo6o,nHoe ^BH^KeHHe b cojiHe^Hoii CHCTeMe. 
Cjie^OBaTejibHO, ohh ^BHJKyTCH Bflojib CBoeii TpaeKTopHH 6e3 ycKopemra. O^HaKO, 
xoponio H3BecTHO, ^to ,a;Ba Tejia, flBHraacb Bflojib 6jih3khx reo/resniecKHx, HMeiOT 
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OTHOCHTejibHoe ycKopeHne, KOTopoe Ha3MBaeTCH npHjiHBHMM ycKopemieM. IIphjihb- 
Hoe ycKopemie b o6in,eH Teopnn OTHOCHTejibHOCTH HMeeT bur 

(1.1) = fl^faW 

r^e v l - CKopocTb Tejia 1 h Sx - otkjtohghhg reo^esHHecKoii Tejia 2 ot reo^esHHe- 
ckoh Tejia 1. Mm bh^hm h3 3Toro Bbipa»ceHHH, hto npHjiHBHoe ycKopeHne 3aBHCHT 
ot ^BHJKeHHH Tejia 1 h KaK TpaeKTopna Tejia 2 otkjiohh6tch ot TpaeKTopnH Tejia 

1. Ho 3T0 SHaiHT, HTO ^ajKe flJlR ^ByX Tejl, KOTOpbie HaXOflHTCfl Ha OflHOM H TOM 

»ce paccTOAHHH ot n,eHTpajibHoro Tejia, mm MO»ceM H3MepHTb pa3Hoe ycxopeHHe 
OTHOCHTejibHO Ha6jiio,i];aTejifl. 

Pa3fle.ii 2 nocBflin,eH peineHHio sa^aHH, Kaxne h3mghghhh HcnMTMBaeT npnjiHB- 
Haa CHJia Ha MeTpHKO-acpcpHHHOM MHoroo6pa3HH. 

Bo3HHKaeT Bonpoc: MoaceM jih mm Hcnojib30BaTb ypaBHemie (2.5), x ito6m H3- 
MepHTb KpyHeHHe? Mm nojiyiHM npnjiHBHoe ycxopeHHe H3 npaMbix H3MepeHHii. 
CymecTByeT MeTOfl H3MepaTb KpHBH3Hy (cm. HanpHMep [3]). OflHaxo, flaxe ecjin 
mm 3HaeM ycxopeHHe h KpHBH3Hy, mm no-npejKHeMy hmggm flHCpcpepeHiniajibHoe 
ypaBHeHne, hto6m HaiiTH Kpy^eHHe. OflHaKO, stot nyTb MO»ceT ,n,aTb npaMofi ot- 
BeT Ha Bonpoc cymecTByeT jih Kpy^eHHe. 

OTKJiOHeHne ot npnjiHBHoro ycKopemifl (1.1), npejj,CKa3aHHoro o6in,eH Teopneii 

OTHOCHTejibHOCTH MOJKBT HMCTb paSJIHIHbie npHHHHM. OflHaKO MM MOJKCM HaHTH 

OTBeT, KOM6HHHpya pa3Hbie mctoj^m H3MepeHHii. 

2. nPHJTHBHOE yPABHEHHE 

51 paccMaTpHBaio o6o6m,eHHyio CBA3H0CTb [7]-(10.1). Mm nojiaraeM, hto pac- 
CMaTpHBaeMbie Tejia coBepmaiOT npoH3BOJibHoe, a He reoflesniecKoe ^BH^KeHHe . 

Mm npeflnojioJKHM, hto o6a Ha6jno,n;aTejiH HaiHHaiOT CBoe nyTemecTBHe H3 ofl- 
Hofi h Toii }«e tohkh 1 h hx CKopocTb y^OBjieTBopiieT ,a;H(p(pepeHii;HajibHMM ypaBHe- 

HHHM 

<"> 2H 

Tflfi I = 1, 2 - HOMep Ha6jno,n;aTejiH h dsi - HH(pHHHTe3HMajibHaa ,a;yra Ha reojje- 
3HHecKoii /. Ha6jno,iiaTejib / cjie^yeT reoflesHiecKoii cbh3hocth [7]-(10.1), KOifla 
cij = 0. Mm nojiojKHM TaK }Ke, ito ds\ = ds2 = ds. 

OTKJIOHeHHe TpaeKTOpHH (2.1) 6x k - 3T0 BeKTOp, COeflHHHK)HI,HH Ha6jIK3flaTe- 

jieii. KpHBbie 6ecKOHeHHO Majio 6jih3kh b oxpecTHOCTH HaiajibHoii tohki 

x l 2 (s 2 ) = x\(si) + Sx z (si) 
4(^2) = v\( Sl ) + Sv l { Sl ) 
IlpoH3BO^Hafl BeKTopa Sx" 1 HMeeT bijj 

ds ds 

CicopocTb oTKJioHeHHH 5x l - 9to KOBapnaHTHafl npoH3BO,a;Hafl 

D5x l ddx* -j- k , 

(2.2) ~dT = ~dT + _^ 6x Ul 



1 H cjieflyro [3], page 33 
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Ife (2.2) cne^yeT, hto 

DSx i 
ds 

HaKOHeu; mm totobm ou;eHHTb BTopyio npoH3BO,iiHyio BeKTopa Sx l 
D^Sx* dMf —DSx k 



(2.3) Sv^^-Tl^vi 



Th—r—v' 



ds 2 ds kl ds 

_ d{6v i + f k ~ l Sx k v[) -r-D5x k i 

- dir + ki ~ds~ Vl 

ds ds kL ds kl ds kl ds 

(2-4) dg2 - dg +L khn v 1 dx Vl +L kl dv Vl +L kl dx ^ + 1 kl ^ v, 
TeopeMa 2.1. IIpujiueHoe ycKopemie cen3Hocmu /7/-(10.1) UMeem eud 

r)2X T i TMt™ 

+o|-«;+ri,,fa™o', 

JJoKa3amejibcmeo. TpaeKTopiia Ha6jiio,ii;aTejifl 1 y^OBjieTBopaeT ypaBHGHHio 

(2.6) M = fM +f r (ll) „ w = . 



(2.7) ^ = a< - P M »W 

B TO»ce BpeMH TpaeKTopHH Ha6jno,a;aTejifl 2 yflOBjieTBopaeT ypaBHGHHio 



Dv\ dv 
dt 

d{v\ + dv 1 ) 
ds 

dv] dSv 



+ TUx! + Sx){v k + Sv k )(v[ + Sv l ) 



-i + — + (!*, + Tl lm 6x m ){v k v[ + 5v k v[ + v k 5v l + 5v k 5v l ) 



a 



2 

Mbi MOJKeM nepeniicaTb sto ypaBHeHHe c to^hoctbio ,a;o nopaflKa 1 

^+^f+ + + v k sv i ) + r—j* m v k A = 4 

Hcnojib3ya (2.6), mm nojiy^HM 

dSv i 
ds 



+ + n^ k v[ + Vl lV k 5v l + n Lm 5x m v k v[ 



dSv" 
ds 



(2.8) = -r kt 5v k v[ - T\ k 5v k v\ - n Lm Sx m v k v[ + 4 - a\ 
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Mm no^CTaBHM (2.3), (2.7), h (2.8) b (2.4) 

j g 2 — 1 kl 0V V l 1 L ln\ fa L mk 0X V l) V l 1 kLm 0X V 1 V 1 

+ a 2 - a\ 

..k„.l 



(2.9) 



_ TWt'' 



l ~ ds 

W5x 



ds 2 



■ ( r mfe,i ~~ r Li,m + ^In^mk ~ ^mn^l)^^ v \ v \ 

—r-D8x n , —DSx n , 

ri ,/ _ p» 

1 nl j„ y i 1 in 



ds 1 <" ds 



ai + r 



mn u ^ "1 



— (p« _ p» 4. p» _ p» 

^ mk,l kra,l 1 fcm,/ fci,m 



I pz pn pi pn I p? pn p? pn _i_ pz pn 

In rak nl mk nl mk nl km nl kn 



k ,,/ 

1 



. pi yn , pi _ pi -pn \X^m„.k . 

L mn L kl ^ L nm L kl L nm L kl) UJ ' v l v 

- T L^^v[ + 4 - a\ + T^Jx™^ 
LPSx 1 i DSx n , 



ds 2 " ds 



J ni A mfc 9 "r 1 nZ J fcm 9 "•" 1 ni 1 fern. 



rpi pn _ pi pn \X T m k I 
± nm L kln L nm L klJ 0Jj U 1 U 1 



+ a l 2 -a[+r ml Sx m a[ 
CjiaraeMbie, no^,HepKHyTbie chmbojiom 1, npe^CTaBJiaiOT KpHBH3Hy, h cjiaraeMbie, 
nofl^epKHyTbie chmbojiom 2 npe^CTaBjiHiOT KOBapiiaHTHyio npoH3BO,iiHyio Kpy^e- 
Hia. (2.5) one-flyeT H3 (2.9). □ 

3aMeH(mue 2.2. Tejio 2 mojkgt 6biTb ya;ajieHO ot Tejia 1. Tor,i;a mm mojkbm Bocnojib- 
30BaTbca npon,e#ypoii (Tax »ce xax b [4]), ocHOBaHHoii Ha napajiJiejibHOM nepeHOce. 
C stoh ijejibio mm nepeiieceM BeKTop ckopocth Ha6jiio,n,aTejiH 2 b HaHajibHyro TOiKy 
Ha6jno,iiaTejiH 1 h 3aTeM oijghhm npiuiiiBHoe ycKopeHiie. 9Ta npoijeflypa pa6oTaeT 
b cjiy^ae He cmibHoro rpaBHTaipiOHHoro nana. □ 
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3aMenaHue 2.3. Ecjih b H,eHTpajibH0M nojie Ha6jno,i];aTejib 1 hmggt op6nTajibHyio 
CKopocTb V,)), Ha6jiio,i];aTejib 2 flBHaceTca b pa^HajibHOM HanpaBjicHHH, h o6a Ha6jno- 
^aTejiH cjie^yiOT reo^esHiecKOH, to npnjiHBHoe ycxopeHHe HMeeT bh^ 

D 2 Sx 1 



ds 2 ' lnk 



RlJx k v n v l 



(Rl Q1 v°v° + R^yv^Sx 1 



□ 



3aMenanue 2.4. Ecjih Ha6jno,a;aTejib 2 cjie^yeT reo,a;e3HHecKOH b neHTpajibHOM nojie, 
ho Ha6jiK)^aTejib 1 3a(pHKCHpoBaji cboio no3Hiniio Ha paccTOHHHH r, TO 



Tl,v k v l 



kl v v - o 2 2 

2r z c 

YcKopeHne cjie,a;yeT 3aKOHy o6paTHbix KBa^paTOB, KaK cjie^yeT H3 (2.5). □ 
3aMenaHue 2.5. Y TeopeMM 2.1 ecTb o^hh oco6biii cjiyiaii. Ecjih Ha6jnojjaTejib 1 

flBHJKeTCH BflOJIb SKCTpGMajIbHOH KpHBOH, Mbl MOJKCM nOJIb30BaTbCH CBfl3HOCTbK) 

KapTaHa. B stom cjiyiae a\ = 0. Ecjih Ha6jno,a;aTejib 2 ^bhjkgtch B,a;ojib reo,iie3H- 
necKOH, to 

(2.10) 4 = -T(Cy kl v k 2 v k 2 = -T(Cy kl (v k v k + 2v[6v k ) 
Ecjih mm noflCTaBHM (2.3) b (2.10), to mm nojiyHHM 

DSr k 

4 = -r(cy kl v k v k - 2T(cf kl v{—- + 2r (cy ml r k »[Sx k 

as 

B 3tom cjiyiae (2.5) npHHHMaeT BH,n, 

(2.11) ds ds 

r(cy kl v k v k - 2T{cy kl v[— — + 2r(cy ml r k »[sx k 

as 



B cjiy^ae HanajibHbix ycjiOBHH 



5x k = 
DSx k 



= 



ds 

(2.11) HBJIHeTCH OH6HKOH yCKOpeHHH [7]-(ll.l). □ 
3. riPHJlHBHOE yCKOPEHHE H nPOH3BOflHA5I JlH 

(2.5) HanoMHHae-T Bbipa»ceHHe npoH3BO,n;HOH JIh [7]-(7.4). Hto6m yBH,a;eTb sto 
cxo,u;ctbo, mm flOJiJKHM 3anHcaTb ypaBHeHHe (2.5) ,a;pyrHM cnoco6oM. 
Ilo onpe^ejieHHio 

Da k _ da k -^F i dxP 
ds ds lp ds 
= a k pV P + TY p a l v p 
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Da k ,, 

(3.1) — = af <p> ^ 

Tax Kax — BeKTop, mm MoaceM jierxo HaiiTH BTopyro npon3BO,n,Hyio 



D 2 a k _ D Da± _ D^kyP) 



(3.2) ds 2 ds ds 

= a k <pr> v p v r + a k <p> v p r v r 

Ha nocjie^HeM inare mm ncnojib3yeM (3.1), Kor,n,a a k = v k . Kor^a v p - KacaTejibHbiii 
BeKTop TpaeKTopHH Ha6jiioflaTejiH 1, H3 (2.1) cjie^yeT, hto 

Dv i 

(3.3) — = v\v r = a\ 

ds 

h H3 (3.2) h (3.3) cne^yer, hto 

(3.4) ^. = a k prV v v r + a k <v>a v 

TeopeMa 3.1. Cnopocmb omKAOHenuji deyx mpaeKmopuu (2.1) ydoeAemeopjiem 
ypaeneHuw 

(3.5) C^T^M = 4 - a\ + f^fe m a' 1 
J^OKasamejvbcmeo. Mbi no^CTaBHM (3.1) h (3.4) b (2.5). 



5x\ <kl> v k v l + 5x k <p> a\ = TiJx? <k> v k v[ + {W klm + Tl m . t<l> )5x m v k v[ 



= ^iJx? <k> - 5x\ <kl> + W kh Jx m + TL-^Sx^vi 

(3.6) 

+ a 2 — a 1 — ox p a\ 

(3.5) cjie^yeT hs (3.6) h [7]-(7.4). □ 

Ha nepBMH B3rjiim mojkho npeflnojioJKiiTb, hto cxopocTb otkjioh6hhh reo^esHHe- 
ckoh aBjiaeTca BeKTopoM KmiiiHra BToporo Tuna. 9to bo3mo>kho, xoth ypaBHemie 

He cjie^yeT H3 ypaBHemiH 

(3.7) ^m^\iv k v l = 

0,a;HaKO ypaBHeHne (3.7) noKa3MBaeT TecHyio CBH3b Memjiy rjiy6oKon CHMMeTpneii 
npocTpaHCTBa BpeMeHH h rpaBHTaijHOHHMM ncmeM. 
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5. riPEflMETHBIH YKA3ATEJlb 

OTKjioHeHne TpaeKTopnft 2 



CKOpOCTb OTKJIOHeHHH 2 
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6. CnELJJiAJlbHblE CHMBOJlbl H OB03HAHEHH5I 

D ^ CKOpOCTb OTKJIOHeHHa 2 

5x k OTKjiOHeHHe TpaeKTopaii 2 
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